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ABSTRACT 

A  Comparison  of  Visual  Cuing  Methods  in  Large  Displays 
During  Performance  of  a  Secondary  Task. 

(December  1971) 

John  Edgar  Rankin,  B.S.,  Northwestern  University 
Directed  byt  Dr.  N.  C.  Ellis 

A  study  was  conducted  to  investigate  five  alterna¬ 
tive  methods  of  visual  cuing  as  applied  to  large  display 
panels  with  the  operator  engaged  in  a  secondary  loading 
task.  The  cuing  techniques  compared  werei  color 
coding*  spatial  cuingi  linear  cuing!  and  color-modified 
versions  of  spatial  and  linear  cuing.  A  total  of  25 
subjects  were  randomly  assigned  to  five  groups  of  five 
subjects  each.  Each  group  was  then  tested  under  one  of 
the  five  cuing  conditions.  Reaction  times  to  light 
stimuli  were  used  as  the  basis  of  comparison.  Subse¬ 
quent  analysis  of  reaction  time  data  found  no  signifi¬ 
cant  difference  between  cuing  techniques. 
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CHAPTER  I 


INTRODUCTION 
The  Problem 

The  growing  number  of  visual  displays  required  in 
today's  sophisticated  hardwAxs  systems  has  presented  a 
problem  to  the  display  designer.  Displays  for  such 
systems  as  military  Command  and  Control  centers  have 
increased  in  size  and  complexity  (Gabelman,  1969),  and 
the  designer  has  frequently  been  required  to  trade  off 
accepted  display  principles  with  spatial  location  on 
the  panel  itself. 

The  premium  area  for  locating  visual  displays  has 
oeen  defined  as  a  30°  cone  directly  ahead  of  the  opera¬ 
tor  (Morgan,  Cook,  Chapanis,  and  Lund,  1963),  but  large 
display  systems,  because  of  their  size,  have  several 
visual  indicators  locaced  in  the  peripheral  vision  area 
outside  of  this  central  viewing  zone.  Herein  is  the 
crux  of  the  problem. 

With  more  and  more  indicators  being  located  outside 
of  the  prime  visual  area,  the  operator  as  a  matter  of 
fact  is  required  to  scan  large  panel  areas  containing 


Human  Factors .  the  journal  of  the  Human  Factors 
Society,  was  used  as  a  pattern  for  this  thesis. 


numerous  displays  to  acquire  visual  information.  From 
this  multiplicity  of  signals,  he  must  visually  detect 
some  types  of  information  and  discriminate  between  other 
types.  Having  completed  the  scan  task  and  interpreted 
the  signals,  he  must  then  decide  upon  an  appropriate 
motor  response  and  make  that  response  within  prescribed 
time  limitations.  All  of  these  factors  increase  his 
reaction  time  to  the  display  signal.  Reaction  time  is 
"the  time  interval  elapsing  between  the  beginning  of 
the  signal  (stimulus)  and  the  completion  of  the  opera¬ 
tor's  response"  (Morgan,  et  al,  1963)#  and  frequently 
is  the  determinant  between  successful  use  and  unsuc¬ 
cessful  use  of  the  display  system. 

The  undesirability  of  the  longer  reaction  time 
induced  by  large  display  panels  is,  of  course,  intrinsic 
to  the  particular  system  and  situation.  In  a  non- 
critical  situation  long  reaction  time  may  be  of  little 
or  no  consequence.  When  considering  a  crucial  control 
situation,  however,  it  may  be  in  the  best  interests  of 
the  system  to  keep  reaction  time  as  short  as  possible. 
For  emergency  control  panels,  reaction  time  is  of  vital 
importance  and  in  this  case  is  frequently  the  deter¬ 
mining  factor  between  mission  success  or  failure. 

It  is  not  reasonable  to  assume  that  in  all  circum¬ 
stances  the  operator  is  solely  concerned  with  direct 
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monitoring  of  the  display.  A  case  in  point  would  be 
the  operator  who  must  continually  make  written  record¬ 
ings  of  system  performance,  or  the  radar  monitor  who 
must  from  time  to  time  check  the  entire  system  to  insure 
that  it  is  operating  properly.  It  can  be  seen  that  the 
inclusion  of  auxiliary  tasks  in  the  total  job  of  the 
display  monitor  generally  reduces  degree  of  readiness 
of  the  operator  to  respond  to  emergency  control  situa¬ 
tions.  Thus,  in  the  equation*  Reaction  Time  * 

Sensing  Time  +  Decision  Time  +  Response  Time  (Morgan, 
et  al,  1963),  sensing  time  is  increased.  As  mentioned 
earlier,  display  size  itself  has  a  direct  influence 
on  reaction  time  and,  specifically,  on  sensing  time. 

If  one  or  both  of  the  other  components  of  reaction  time 
could  be  reduced,  it  should  negate  a  portion  of  the 
detrimental  aspects  induced  by  display  size  and  the 
secondary  task.  In  either  case,  the  question  of  whether 
or  not  large  displays  in  current  operational  use  are 
being,  or  can  be,  used  efficiently  must  be  raised. 

It  is  thought  that  visual  cuing  may  be  one  of  the 
techniques  that  might  improve  system  efficiency  by 
reducing  operator  reaction  time,  specifically  in  the 
case  where  the  operator  is  engaged  in  a  secondary 
loading  task  aside  from  the  direct  monitoring  of  the 
large  display.  Cuing  is  said  to  be  the  provision  of 
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information  before  or  during  a  response,  auch  that  the 
probability  of  occurrence  of  the  response  is  greater 
than  if  such  information  were  not  provided  (Annett  and 
Clarkson,  1964). 

The  present  study  investigates  the  use  of  visual 
cuing  in  reducing  the  identification  component  of  reac¬ 
tion  time  for  large  display  systems  in  which  secondary 
tasks  are  also  required.  Five  cuing  techniques  have 
been  identified  for  subsequent  comparison*  color 
coding!  linear  cuing;  spatial  cuing;  and  color-modified 
versions  of  spatial  and  linear  cuing.  The  results  of 
the  experiment  may  prove  significant  in  the  design  of 
large  display  systems  with  secondary  loading  tasks, 
thereby  increasing  system  efficiency. 

Study  Hypothesis 

It  may  generally  be  assumed  that  the  characteris¬ 
tics  of  stimulus  presentations  which  reduce  identifica¬ 
tion  time  would  also  have  a  direct  influence  on  the 
speed  and  accuracy  of  human  response.  The  present  study 
was  conducted  to  determine  what  amount  of  identification 
time  could  be  saved  in  single  stimulus  presentations 
where  techniques  of  color  coding  and  spatial  cuing  have 
been  employed. 
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This  study  compares  the  five  techniques  of  visual 
cuing  identified  previously  and  described  in  Chapter 
III.  It  was  postulated  that  the  technique  which  reduces 
time  to  identify  the  source  of  the  displayed  signal 
would  also  lead  to  a  reduction  in  total  reaction  time. 
Within  this  general  postulate,  it  was  hypothesised  that 
the  five  cuing  techniques  would  rank  with  regard  to 
reaction  time  (from  shortest  to  longest)  in  the  follow¬ 
ing  manner i 

1*  color-modified  spatial  cuing 

2.  spatial  cuing 

3.  color-modified  linear  cuing 

4.  linear  cuing 

5.  color  cuing. 

Summary 

This  paragraph  briefly  summarizes  the  remainder  of 
this  report.  Chapter  II  reviews  the  available  litera¬ 
ture  concerning  various  aspects  of  the  present  research* 
general  background!  spatial  coding!  color  coding!  large 
displays!  and  secondary  tasks.  Chapter  III  describes 
the  experimental  method  used  in  the  research  including 
subjects,  apparatus,  study  conditions,  the  secondary 
task,  and  the  procedure  used.  Chapter  IV  presents  the 
results,  and  Chapter  V  discusses  the  conclusions  drawn 
and  makes  recommendations  for  further  study. 
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CHAPTER  II 
LITERATURE  REVIEW 

In  reviewing  some  of  the  available  literature# 
numerous  studies  were  found  which  touched  on  various 
aspects  of  the  present  investigation.  These  include 
such  aspects  as  spatial  coding#  color  coding#  large 
displays#  and  secondary  tasks.  Each  of  these  topics# 
therefore#  will  be  treated  separately  in  succeeding 
sections  of  this  chapter. 

General  Background 

With  respect  to  reaction  time#  both  the  character¬ 
istics  of  the  cue,  itself#  and  those  of  the  panel  to 
which  the  technique  is  applied  must  be  considered. 
McCormick  (1970)  lists  location#  perception,  meaning, 
identification,  and  background  characteristics  as 
factors  to  be  considered  for  visual  indicators  or 
warning  signals.  McCormick  also  states  that  lights  are 
the  display  devices  most  typically  used  to  present 
dynamic  information  and  warnings. 

Many  studies  have  been  conducted  which  deal  with 
display  coding  in  general.  There  appears  to  have  been, 
however,  relatively  little  work  conducted  that  applies 
visual  cuing  in  a  strict  operational  sense.  Stimer# 


Siegel,  and  Fox  (1957)  investigated  the  effects  of  a 
master  caution  indicator  on  the  responses  to  peripher¬ 
ally  located  light  panels.  Though  the  master  indicator 
helped  to  ensure  that  the  operator  observed  the  signals, 
it  had  no  significant  effect  on  reaction  time.  Annett 
and  Clarkron  (1964)  have  applied  cuing  to  training  tasks, 
but  did  not  consider  its  possible  effect  on  efficiency 
in  operational  task  performance. 

Work  has  also  been  conducted  that  touches  upon 
specific  aspects  of  the  total  cuing  problem.  Reaction 
times  were  found  by  Andrea ssi  and  Huntly  (1967)  to  be 
faster  when  the  operator  was  subjected  to  signals  pre¬ 
sented  with  a  fixed  time  interval  between  each  response 
completion  and  the  succeeding  stimulus  presentation, 
than  when  a  variable  stimulus  presentation  schedule  was 
used.  Ellis  (1968)  found  that  the  operator's  detection 
time  could  oe  decreased  by  requiring  him  to  perform  a 
systematic  visual  scan  of  the  display  panel.  Boi''.  of 
these  studies  suggested  that  patterned  observation 
would  improve  reaction  times  to  displays. 

Although  the  major  factor  considered  in  display 
coding  is  the  stimulus-response  relationship,  some 
consideration  must  be  given  to  the  response  mechanism 
itself.  Pushbuttons  were  selected  as  the  control 
devices  for  the  present  study  as  the  time  required  to 
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activate  each  device  is  relatively  short  and  fairly 
constant  as  compared  to  other  devices  (Morgan*  et  al» 
1963). 

Reach  distance  also  affects  reaction  time*  Aume 
(1963)  investigated  the  effect  of  reach  distance  on 
reach  time  in  a  button  pushing  task.  In  this  study*  a 
corresponding  signal  light  was  placed  directly  above 
each  of  eight  pushbuttons  mounted  on  a  panel  that  could 
be  moved  in  order  to  measure  reach  time  for  various 
reach  distances*  It  was  found  that  reach  time  does* 
indeed,  increase  with  increasing  reach  distances,  but 
the  relationship  is  not  necessarily  linear.  Reach  time 
was  also  found  to  increase  according  to  the  difficulty 
of  aiming  and  the  number  of  pushbuttons  in  a  column. 

Harvey  (1971)  studied  the  effects  of  various 
techniques  of  cuing  with  respect  to  reduced  reaction 
time  under  limited  simulated  operational  conditions. 

In  his  comparison  of  conventional,  color,  and  spatial 
cuing  methods,  he  found  no  significant  difference  be¬ 
tween  the  effects  of  spatial  and  conventional  cuing  on 
human  performance.  Conventional  cuing  refers  to  the 
technique  where  the  signal  light  is  adjacent  to  its 
control  device,  as  used  in  the  study  by  Aume  mentioned 
above.  Color  cuing  had  the  greatest  reaction  time. 
Though  his  results  may  have  application  to  medium  sized 
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panels  where  the  operator  is  concerned  solely  with 
observing  and  responding  to  visual  stimuli,  they  do  not 
appear  applicable  to  large  display  systems  where  a 
secondary  task  is  also  required. 

Spatial  Coding 

Much  work  has  been  done  to  establish  the  relative 
effectiveness  of  various  spatial  display/control  rela¬ 
tionships.  Generally  speaking,  the  stimulus-response 
codes  which  are  the  most  compatible  and/or  the  simplest, 
normally  result  in  the  shortest  reaction  times. 

Knowles,  Garvey,  and  Newlin  (1953)  evaluated 
several  display/control  systems  which  incorporated  the 
same  group  of  displays  and  controls.  Some  display/ 
control  relationships,  those  which  were  the  more  spa¬ 
tially  compatible,  were  determined  more  efficient  than 
others.  In  interpreting  their  results  within  the 
framework  of  information  theory,  it  was  determined  that 
the  subjects  were  able  to  use  a  simpler  procedure  to 
transmit  information  from  display  to  control  in  the  more 
efficient  systems.  In  a  follow-up  study  (Garvey  and 
Knowles,  195*0 *  relative  efficiency  of  the  systems  was 
found  to  remain  the  same  throughout  an  extended  period 
of  practice. 
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Fitts  and  Seeger  (1953)  also  investigated  effects 
of  varying  both  stimulus  and  response  sets  to  form 
combinations  with  different  degrees  of  stimulus-response 
compatibility.  The  study  considered  conditions  in  which 
relevant  information  in  the  stimulus  source  was  generated 
by  changes  in  its  spatial  characteristics,  whereas  the 
relevant  aspect  of  the  response  was  its  direction  of 
movement.  That  is.  the  response  required  of  the  subjects 
was  to  move  a  stylus  quickly  in  the  direction  indicated 
by  a  stimulus  light(s).  It  was  found  that  reaction  time 
is  shortest  for  stimulus  and  response  sets  that  agree 
closely  with  the  basic  habits  and  expectancies  of 
individuals. 

Chapanis  and  Lockheed  (1965)  conducted  an  experi¬ 
ment  to  test  the  effectiveness  of  sensor  lines  on  simple 
display/control  panels  made  up  of  small  signal  lights 
and  pushbuttons.  Sensor  lines  are  heavy  lines  drawn  on 
a  control  panel  to  show  the  linkages  between  displays 
and  controls.  The  results  indicate  that  it  is  more 
important  to  make  the  relationship  between  displays  and 
controls  compatible  (by  spatial  correspondence)  than  it 
is  to  use  sensor  lines.  The  lines  did  prove  useful, 
however,  when  the  display/control  relationship  was  not 
spatially  compatible. 
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In  a  study  comparing  spatial  and  alphabetic 
encoding  of  information  on  a  visual  display*  Newman  and 
Davis  (1961)  found  that  simple  spatial  encoding  leads  to 
good  performance  with  respect  to  both  speed  and  accu¬ 
racy.  They  also  found  that  even  a  fairly  complex 
spatial  code  would  improve  response  speed  significantly 
in  a  task  requiring  rapid  detection.  Newman  and  Davis* 
in  their  recommendations  for  further  research,  suggested 
an  investigation  of  display  codes  combining  spatial  and 
color  encoding. 

Colcr  Coding 

Presently,  the  colors  most  frequently  used  for 
lights  on  industrial  control  panels  are  red  and  green 
(Dudek  and  Colton,  1970).  This  is  possibly  due  to  the 
fact  that  lights  have  primarily  been  used  for  the 
purpose  of  presenting  dichotomous  information.  It  is 
likely,  however,  that  more  colors  will  be  required  for 
indicator  lights  due  to  increased  automation  and  com¬ 
plexity  of  equipment.  Increasing  reliance  on  computers 
and  related  data  display  outputs  in  complex  systems  has 
prompted  many  investigations  in  recent  years  where  color 
is  used  as  a  coding  device. 

In  a  comprehensive  review  of  the  research  published 
at  the  time,  Jones  (1962)  discusses  many  of  the 


applications  and  restrictions  of  color  coding.  Much 
of  the  early  research  sought  to  establish  the  number  of 
code  values  (alphabet  size)  that  can  be  identified  on 
the  basis  of  absolute  judgement.  For  optimal  viewing 
conditions*  as  many  as  9  to  12  colors  can  be  distin¬ 
guished  reliably  (Chapanis  and  Halsey,  195^1  Halsey  and 
Chapanis,  1951)*  but  it  is  suggested  that  a  color 
alphabet  of  5  to  8  hues  be  used  under  normal  conditions 
(Conover,  1959 i  Conover  and  Kraft,  1958 I  Eriksen  and 
Hake,  1955)*  Thus,  it  is  evident  that  color  as  a  coding 
dimension  can  be  used  to  distinguish  only  a  rather  small 
number  of  categories.  With  respect  to  identifications 
of  surface  and  luminous  hues,  the  method  of  absolute 
judgement  yielded  similar  findings. 

Later  studies  attempt  to  take  into  account  certain 
existing  systems*  parameters.  The  criteria  for  code 
selection  in  a  given  situation,  for  instance,  were  found 
to  depend  not  only  upon  the  number  of  items  to  be  dif¬ 
ferentially  identified,  but  also  upon  display  complexity 
and  the  type  of  task  for  which  the  code  operates.  Spe¬ 
cifically,  color  coding  does  not  appear  to  be  suited  for 
situations  demanding  rapid  and  precise  identification. 

In  comparison  to  numerals,  for  instance,  color-type 
codes  were  found  to  be  inferior  under  conditions  of 
brief  stimulus  presentation  in  terms  of  both  speed  and 


accuracy  of  response  (Allusl  and  Muller#  1958 i  Anderson 
and  Pitts,  1958). 

In  contrast#  color  codes  have  proven  particularly 
valuable  in  decreasing  search  time  for  locate-type  and 
counting  tasks  in  dense  displays  (Green  and  Anderson, 
19561  Shontz#  Trumm#  and  Williams#  1971*  Smith#  1962a* 
Smith,  1963).  The  particular  color  of  the  display 
target  does  not  appear  to  influence  search  performance 
(Smith,  1962a*  Smith,  1963). 

It  is  generally  accepted  that  backgrounds  of 
various  colors  have  no  effect  upon  responses  to  colored 
targets.  Bishop  and  Crook  (1961),  using  backgrounds  of 
red,  white,  blue,  and  green,  reported  no  systematic 
effects  when  target  purity  was  high  or  moderate  in  an 
absolute  judgement  task.  Backgrounds  of  either  white 
or  black  were  also  found  to  have  no  differential  effect 
in  a  search  task  using  color-coded  numerals  (Smith, 
1962a). 

In  a  more  recent  study,  however,  Dudsk  and  Colton 
(1970)  determined  that  the  color  of  background  does  have 
a  definite  effect  on  the  distance  at  which  a  color  is 
recognized  using  peripheral  vision.  An  apparent  change 
in  color  occurs  as  a  colored  light  is  moved  into  the 
visual  field,  or  when  it  is  located  near  the  edge  of  the 
peripheral  vision  &i  .  It  was  found  that  the  color  of 
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background  and  the  level  of  environmental  light  both 
affect  the  recognition  distance  of  color  and  the  number 
of  errors  made,  with  the  darker  backgrounds  and  lower 
illumination  levels  yielding  superior  results.  Spe¬ 
cifically,  blue  and  yellow  lights,  on  a  gray  background, 
under  a  low  level  of  environmental  light,  gave  the  best 
results. 

Large  Displays 

There  art'  numerous  cases  in  both  industry  and  the 
military  where  large  display  systems  are  in  use.  Air 
traffic  control  centers,  data  processing  systems,  radar 
rooms,  manned  spaceflight  control  centers,  and  naval 
control  centers  are  but  a  few  of  the  facilities  using 
large  wall-size  display  systems.  Large  screen  display 
systems  of  6  meters  by  6  meters  and  larger  have  been 
used  by  the  U.S.  Air  Force  in  operational  Command  and 
Control  installations  (Gabelman,  1969).  In  most  situa¬ 
tions,  displays  are  used  in  the  vertical  position, 
although  some  cases  may  warrent  the  use  of  a  horizontal 
display  (Hopkin,  1969)*  In  some  of  these  instances, 
these  displays  are  shared  by  a  number  of  human  operators* 
in  others,  there  is  a  single  human  monitor. 


A  variety  of  both  functional  and  non-functional 
considerations,  as  well  as  historical  factors,  tend  to 


influence  choice  as  to  display  size.  In  a  discussion 
of  the  relative  merits  of  large  and  small  displays* 

Smith  (1962b)  asserts  that  the  basic  consideration  is 
one  of  whether  the  display  is  to  serve  an  individual  or 
a  group  of  people.  It  is  obvious  that  if  a  single 
display  is  to  simultaneously  serve  the  needs  of  a  number 
of  individuals,  it  should  necessarily  be  large  enough  to 
be  viewed  by  all.  On  the  other  hand,  large  and  small 
displays  are  equivalent  in  terms  of  the  amount  of  infor¬ 
mation  which  can  be  presented  to  a  single  observer. 
Non-functional  considerations  such  as  implied  status 
or  aesthetics  often  lead  to  the  selection  of  a  large 
display  for  a  purpose  that  could  equally  be  served  by  a 
small  display  in  terms  of  viewing  angle  and  legibility. 

Two  studies  have  been  conducted  to  establish  the 
relative  worth  of  group  displays  as  compared  to  indi¬ 
vidual  displays.  Hammer  and  Ringel  (1965)  evaluated 
individual  and  group  displays  using  size-coded  and 
uncoded  updates.  Location  times  for  coded  updates  were 
essentially  equal  for  individual  and  group  displays, 
but  the  times  to  locate  uncoded  updates  were  shorter 
with  the  individual  displays  by  about  15  percent.  Their 
conclusion  was  that  information  assimilation  tasks  may 
be  more  efficiently  accomplished  with  individual  rather 
than  group  displays  when  using  uncoded,  updated 


information.  They  emphasized  that  the  main  factor  in 
the  choice  of  an  individual  or  a  group  display  is  the 
nature  of  the  task  to  be  performed.  Smith  and  Ouggar 
(19 65) »  however,  found  performance  to  be  15  percent 
faster  with  a  large  group  display  in  a  seareh-and- 
counting  task  thun  for  small  individual  displays. 

This,  however,  was  not  attributable  to  display  varia¬ 
bles,  but  to  the  fact  that  the  groups  were  able  to 
implement  a  time-sharing  procedure  which  facilitated 
the  search  process.  Thus,  the  display  differences 
found  can  be  attributed  to  group  interactions,  and  not 
to  display  factors. 

In  some  situations,  the  use  of  large  wall-size 
displays  presents  a  problem  in  that  the  observer  must 
often  resort  to  peripheral  vision  to  pick  up  visual 
signals.  It  is  customary  to  assume  a  solid  angle  of 
30°  as  containing  the  optimum  viewing  area  for  visual 
displays  (Morgan,  et  al,  1963*  Smith,  1962bi  Stimer, 
et  al,  1957) •  This  30°  value  is  for  eye  movement  only. 
Kobrick  (1966),  however,  found  that  a  flashing  light 
displaced  by  as  much  as  55°  along  the  horizontal  line  of 
sight,  and  above  the  horizontal  by  as  much  as  30°, 
could  be  detected  as  well  as  one  centrally  located. 
Kobrick  rJiv'  not  consider  ti  e  case  where  both  the  head 
and  eyes  are  permitted  to  move.  The  maximum  accepted 
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viewing  angles  from  the  line  of  sight  for  this  case 
arei  75°  up*  85°  down*  and  95°  left  or  right  (Morgan* 
et  al,  19^3l  Smith,  1962b). 


Secondary  Tasks 

Knowles  (1963)  cites  two  reasons  for  the  use  of  a 
secondary  task  in  part-task  simulation  studies.  The 
first  use  of  a  secondary  task  is  to  simulate  factors  of 
the  total  job  that  may  be  missing.  Pressure  is  put 
on  the  primary  task,  thereby  degrading  operator  pet  'orm- 
ance  to  a  level  that  might  be  expected  in  a  total- job 
situation.  The  second  application  of  an  auxiliary 
task  is  one  of  determining  the  amount  of  additional  work 
that  may  be  accomplished  by  the  operator  while  still 
performing  the  primary  task  at  an  acceptable  level. 

Thus,  secondary  task  performance  measures  may  be  used  as 
an  indicator  of  the  price  paid  in  operator  effort  in 
meeting  system  performance  criteria. 

Thu  purpose  of  including  a  secondary  task  in  the 
present  study  is  more  clobely  related  to  the  first  of 
Knowles’s  objectives  in  the  sense  that  the  experiment 
sought  to  provide  a  realistic  operational  situation. 
Knowles  also  suggests  that  the  secondary  task  be  easy, 
overleamed,  composed  of  discrete  messages*  and 
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demanding  enough  attention  so  that  the  operator  cannot 
ignore  it. 

A  secondary  task,  mental  arithmetic,  was  included 
during  a  portion  of  the  study  investigating  the  spatial 
characteristics  of  stimulus-response  compatibility  by 
Fitts  and  Seeger  (1953) «  The  secondary  task  was  intro¬ 
duced  to  test  the  hypothesis  that  the  least  compatible 
stimulus-response  set  would  show  the  most  deterioration 
under  additional  loading.  The  results  showed  a  definite 
increase  in  reaction  times  for  all  stimulus-response 
sets,  but  were  otherwise  inconclusive. 

Garvey  and  Knowles  (195*0  also  included  an  auxil¬ 
iary  task  in  a  portion  of  their  study  to  determine  if 
its  introduction  would  have  the  same  interfering  effect 
on  the  operation  of  all  the  display-control  systems 
tested.  The  secondary  task  had  no  significant  effect 
on  operator  performance  in  the  most  efficient  systems. 

It  did  have,  however,  a  substantial  interfering  effect 
on  the  performance  of  the  least  efficient  systems. 
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CHAPTER  III 
EXPERIMENTAL  METHOD 

The  material  in  this  chapter  describes  the  sub- 
,  jects#  apparatus#  study  conditions,  secondary  task#  pro¬ 

cedure#  and  methods  of  analysis  used  in  the  conduct  of 
the  experiment. 

Subjects 

The  study  was  conducted  using  25  male  undergraduate 
and  graduate  students  and  faculty  members  of  Texas  A&M 
University.  All  of  the  subjects  were  right-handed  and 
between  19  and  33  years  of  age.  Subjects  were  also 
screened  for  normal  color  vision  and  normal,  or  cor- 
rected-to-normal ,  acuity. 

Apparatus 

t.  During  the  experiment,  the  subjects  were  required 

;■  to  wear  earphones  through  which  white  noise#  or  static# 

5 

r 

I  was  transmitted.  The  purpose  of  the  earphones  was  to 

1  mask  any  noise  that  might  be  distracting  to  the  subject 

V 

x  (specifically#  the  closing  of  the  relay  when  a  signal 

l  light  was  turned  on  by  the  experimenter). 

\ 

|  The  room  in  which  the  experiment  was  conducted 

I  was  kept  at  a  high  level  of  ambient  light.  This  was 
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achieved  by  the  use  of  three  unshielded,  incandescent, 
100-watt  lights  placed  behind  the  subject. 

The  remainder  of  the  experimental  apparatus 
consisted  of  three  basic  elements!  a  display  paneli 
a  pushbutton  control  board j  and  the  experimenter’s 
control  box.  The  electrical  components  of  these  ele¬ 
ments  were  connected  according  to  the  wiring  schematic 
shown  in  Figure  1. 

Display  Panel 

A  large  flat  wall  (8  feet  by  10  feet)  was  used  as 
a  display  surface.  Six  small  panels  (16  inches  by  10 
inches)  were  then  mounted  on  the  wall  in  two  rows  of 
three.  Both  the  wall  and  the  panels  were  off-white  in 
color.  Signal  lights  were  mounted  in  the  center  of 
each  small  panel.  The  lights  were  of  the  common  7-watt 
variety.  The  top  row  of  lights  was  12  inches  from  the 
top  of  the  wall,  with  the  bottom  row  located  40  inches 
below  the  upper  one.  The  lights  in  each  row  were 
separated  by  approximately  55  inches. 

Pushbutton  Control  Board 

A  control  panel  containing  six  pushbuttons  was 
placed  on  a  table  in  front  and  slightly  to  the  right 
of  the  subject.  The  control  panel  consisted  of  two 
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metal  electrical  boxes  (12  inches  by  4  inches  by  4£ 
inches)  with  three  one-inch  diameter  pushbuttons  mounted 
on  each  box.  The  boxes  could  then  be  arranged  in  the 
positions  dictated  by  the  various  study  conditions. 

The  table,  covered  with  black  non-ref lective 
construction  paper,  was  situated  so  that,  when  seated, 
the  operator  was  approximately  42  inches  from  the  center 
of  the  large  display.  With  this  arrangement,  the  total 
viewing  angle  for  the  operator  (between  lights)  was 
approximately  52°  to  the  left  or  right  along  the  hori¬ 
zontal  line  of  sight  and  43°  above  the  horizontal.  The 
display/control  arrangement  is  pictured  in  Figure  2. 

Experimenter*  s  Control  Box 

The  experimenter’s  controls,  pictured  with  the 
timer  ir.  Figure  3»  consisted  of  three  double-pole, 
double-throw  toggle  switches  and  a  start  button  (the 
wafer  switch  shown  had  no  function).  This  enabled  the 
experimenter  to  select  one  signal  light  at  a  time, 
using  the  switches,  and  then  to  turn  on  the  light  by 
means  of  the  pushbutton.  The  box  also  housed  the 
electrical  relay. 

A  timer  was  incorporated  in  the  circuitry  of  the 
display/control  panels  so  that  the  reaction  time  for 
each  light  presentation  could  be  recorded. 


Figure  2.  Display  system  used  in  the 
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Study  Conditions 

Five  coding  techniques  were  incorporated  in  the 
study.  These  five  are  described  below  and  summarized 
schematically  in  Figure  4.  The  transition  from  the 
spatial-  and  linear-white-light  conditions  to  the  color 
conditions  was  achieved  simply  by  substituting  colored 
light  bulbs  on  the  display  panel  and  placing  the 
colored  overlay#  described  below#  on  the  pushbutton 
control  board. 

Spatial  Cuing  (SC) 

To  investigate  spatial  cuing,  the  arrangement  of 
the  pushbuttons  on  the  subject's  control  panel  corre¬ 
sponded  to  the  spatial  arrangement  of  the  lights  on 
the  display  panel.  White  lights  were  used. 

Linear  Cuing  (LC) 

Linear  cuing#  as  referred  to  here#  employed  the 
same  white  lights  as  those  used  for  spatial  cuing.  The 
pushbuttons#  however#  were  arranged  in  a  horizontal  lii^ 
so  that  the  three  on  the  left  corresponded  to  the  top 
row  of  lights,  and  the  three  on  the  right  corresponded 
to  the  bottom  row  of  lights. 


A 

B 

C 

(Green) 

(Brown) 

(White) 

D 

E 

F 

(Red) 

(Yellow) 

(Blue) 

Display  Panel 

(white  lights) 


(G)  (Br)  (W) 


(R)  ( Y)  (Bl) 

Pushbutton  Arrangements  on  Control  Board 


Figure  4.  Schematic 
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Color  P.uiQfi  1SP.1 

For  color  cuing,  the  light-pushbutton  correspond¬ 
ence  was  according  to  color.  That  is,  each  light  had  a 
unique  color,  and  a  colored  overlay  was  placed  over  the 
control  panel  so  that  each  pushbutton  was  surrounded 
by  one  of  six  colored  areas  and  corresponded  to  the 
indicator  light  of  the  same  color.  The  colors  used  were* 
red i  white i  yellow*  bluej  green*  and  brown.  Colors 
close  to  one  another  in  the  visual  spectrum  were 
placed  in  non-ad jacent  positions  on  the  display.  The 
positions  of  the  colors  relative  to  one  another  on  the 
display/control  panels  are  indicated  in  Figure  4  (p.  26). 
In  order  to  avoid  any  spatial  relationship  between 
lights  and  pushbuttons,  the  pushbuttons  were  arranged 
in  three  rows  of  two. 

Color-Mod  j.fiqd  Spatial  Cuing  (CMS) 

The  light-pushbutton  arrangement  for  this  portion 
of  the  experiment  was  identical  to  that  used  for  spatial 
cuing.  Colored  lights  and  a  colored  overlay  for  the 
pushbuttons,  however,  were  employed  so  that  use  of 
color  provided  a  redundant  light-pushbutton  correspond¬ 
ence. 


Color-Modified  Linear  Cuing  (CML) 

Colored  lights  and  a  colored  overlay  were  used  here 
as  they  were  in  CMS,  but  the  pushbutton  arrangement  was 
identical  to  that  used  for  linear  cuing. 

Secondary  Task 

During  the  experiment,  each  subject  was  required  to 
perform  a  simple  secondary  task*of  counting  rows  of  X*s 
on  a  sheet  of  paper.  It  was  designed  to  require  some 
attention  on  the  part  of  the  subject  during  which  he 
was  forced  to  make  his  own  periodic  scan  of  the  large 
display  for  visual  signals.  The  number  of  X*s  in  each 
row  was  randomly  determined  with  the  restriction  that 
it  range  from  2  to  14. 

Procedure 

Prior  to  beginning  the  experiment,  each  subject 
was  instructed  as  to  the  purpose  of  the  experiment,  the 
operation  of  the  pushbuttons,  and  secondary  task 
performance  (see  Appendix).  The  subject  was  then  given 
a  practice  period  so  that  he  would  be  able  to  associate 
each  signal  light  with  its  respective  pushbutton  for 
the  particular  cuing  format  on  which  he  was  being 
tested. 
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At  the  start  of  the  experiment*  the  subject  was 
seated  and  performing  the  secondary  task*  using  his 
right  hand  to  record  answers  to  the  secondary  task 
problems*  Signal  lights  were  then  turned  on  remotely 
and  randomly  by  the  experimenter.  For  each  of  these 
single  stimulus  presentations,  the  subject  was  then  to 
press  th3  corresponding  pushbutton  with  his  right  hand, 
without  dropping  his  pencil,  thereby  turning  off  the 
signal  light.  He  was  then  to  return  to  the  secondary 
task.  The  above  procedure  was  used  for  each  of  the 
five  cuing  methods. 

Figures  5  and  6  portray  an  example  subject 
performing  the  experimental  tasks.  Figure  5  pictures 
the  subject  during  secondary  task  performance.  The 
pushbuttons  here  are  arranged  for  the  CML  condition. 

In  Figure  6,  he  is  seen  responding  to  the  white  light 
in  CC. 

Each  subject  was  given  three  trials  in  the  course 
of  the  experiment.  Each  trial  consisted  of  18  light 
presentations,  with  the  order  of  presentations  ran¬ 
domized,  but  with  the  restriction  that  each  individual 
light  be  presented  three  times.  The  subject  was  stopped 
at  the  end  of  each  trial,  given  a  short  period  of  rest, 
and  then  instructed  to  continue,  picking  up  where  he 
left  off  on  the  secondary  task  sheets.  The  time  period 


Figure  5«  Subject 
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between  light  presentations  was  randomly  determined  by 
the  experimenter#  consisting  of  from  five-  to  twenty- 
second  intervals.  The  reaction  time  recorded  for  each 
light  presentation  was  the  time  interval  between  the 
experimenter’s  turning  on  of  the  light  and  the  time 
when  the  light  was  turned  off  by  the  subject. 

Analysis 

A  randomized-blocks  design  was  used  in  the  analysis 
of  the  experiment.  Subjects  were  randomly  assigned  to 
five  blocks  of  five  subjects  each.  These  blocks  of  sub¬ 
jects  were  then  randomly  assigned  and  tested  under  the 
five  conditions  of  cuing. 

The  reaction  times  recorded  in  each  experimental 
session  were  summed.  These  totals  were  analyzed  using 
a  standard  one-way  analysis  of  variance  technique  to 
determine  whether  or  not  the  five  cuing  techniques  dif¬ 
fered  significantly  with  respect  to  overall  reaction 
time. 

The  hypothesized  rank-order  of  the  cuing  condi  ;ions 
was  tested  by  comparing  it  to  the  resulting  order  using 
a  nonparametric  rank  test.  The  results  of  these  analyses 
are  presented  in  Chapter  IV. 


CHAPTER  IV 


RESULTS 

A  tabular  summary  of  the  results  is  shown  in 
Table  1»  The  values  on  the  table  represent  the  total 
reaction  time  of  each  subject  to  the  84  light  presenta¬ 
tions  of  each  experimental  session. 

A  simple  one-way  analysis  of  variance  (Hicks*  1964) 
by  study  conditions  was  performed.  These  results  are 
shown  in  Table  2.  As  indicated,  no  significant  dif¬ 
ference  was  found  between  the  five  cuing  techniques  at 
the  0.25  significance  level  with  respect  to  reaction 
time. 

Kendall's  Rank  Order  Test  (Siegel,  1956)  was 
performed  to  determine  the  validity  of  the  study  hy¬ 
pothesis  concerning  the  rank  order  of  cuing  conditions. 
The  Kendall  test  operates  under  the  null  hypothesis 
that  the  rank  orders  to  be  compared  are  unrelated. 

For  the  case  at  hand,  the  rank  orders  for  both  the 
study  hypothesis  and  the  results  are  shown  in  Table  3» 
The  values  entered  on  the  table  indicate  the  rank  (from 
the  shortest  total  reaction  time  to  the  longest)  of  the 
five  conditions  of  cuing.  The  resulting  Kendall  Rank 
Correlation  Coefficient  has  a  value  of  0.20.  The  cor¬ 
responding  probability  that  the  coefficient  would  be 


TABLE  1 


Total  Reaction  Times,  by  Subject 


sc 

LC 

CC 

CMS 

CML 

153.70 

110.44 

i37.90 

162.0 6 

145.90 

92.14 

90.99 

106.44 

105.90 

112.37 

102.34 

106.34 

133.51 

97.13 

119.90 

80. 17 

91.11 

161.29 

149.90 

110.99 

84.27 

172.67 

135. 08 

150.68 

175.67 

Totals*  512.62 

571.55 

674.22 

665.67 

664.83 
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TABLE  2 

One-Way  Analysis  of  Variance  of  Study  Conditions 


§£&££  2l  Vag?.Dgg. 

& 

SS 

MS  F 

Between  Conditions 

4 

4177.69 

1044.42  1.29 

Within  Conditions 

20 

16175*99 

808.80 

Total 


24  20353*68 


TABLE  3 

Rank  Order  of  Cuing  Conditions 


£££ 

SC 

CML 

LC 

CC 

Hypothesized  Ranks 

1 

2 

3 

4 

5 

Resulting  Ranks 

4 

1 

3 

2 

5 

Kendall  Rank  Correlation  Coefficient  =  0.20 
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between  the  value  found  and  1.00  (perfect  correlation) 
is  0.408.  Thus#  the  Kendall  null  hypothesis  cannot  be 
rejected.  This#  in  turn#  dictates  that  the  original 
rank  order  study  hypothesis  must  be  rejected. 
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CHAPTER  V 

CONCLUSIONS 
Discussion  of  Results 

The  results  of  the  experiment  indicate  that  color, 
spatial,  or  color-spatial  combinations  may  be  used  as  a 
coding  device  with  equal  effectiveness  in  systems  employ¬ 
ing  large  displays  and  secondary  loading  tasks. 

Though  reaction  times  for  the  five  cuing  techniques 
proved  not  to  be  significantly  different,  there  are  a 
number  of  factors  which  may  have  interacted  to  produce 
these  results.  Display  size,  reach  distance  for  re¬ 
sponse,  subject  posture,  and  secondary  task  performance 
are  but  a  few  of  the  aspects  within  the  total  experiment 
that  may  have  affected  the  results.  Nevertheless,  all 
of  these  are  components  of  the  total  job  situation. 

Thus,  there  is  significance  in  the  fact  that  no  appre¬ 
ciable  difference  was  detected  between  cuing  techniques. 

The  secondary  task  was  included  in  the  study  in  an 
effort  to  simulate  a  total  job  situation.  It  has  pre¬ 
viously  been  shown  that  spatial  cuing  produces  shorter 
reaction  times  than  does  color  cuing  in  a  situation 
where  the  operator  is  concerned  only  with  responding  to 
light  signals  (Harvey,  1971).  It  may  be  that  the 
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secondary  task  had  an  interfering  effect  upon  reaction 
times,  and  possibly  this  effect  was  different  for  the 
various  techniques  tested.  It  is  therefore  evident  that 
the  total  work  situation  must  be  considered  when  apply¬ 
ing  experimental  results  to  operational  systems.  It  is 
further  implied  that  pure  scanning  test  data  are  not 
reasonably  applicable  to  display  systems  requiring 
auxiliary  operator  tasks. 

In  the  design  of  display  systems,  decisions  must  be 
made  concerning  the  optimum  display/control  relationship 
which  may  be  used.  Large  displays  preclude  the  place¬ 
ment  of  controls  in  positions  adjacent  to  their  corr  - 
sponding  display.  Thus,  a  remote  correspondence  is 
necessitated.  The  results  of  the  present  study  suggest 
that*  in  a  decision  between  spatial  coding,  color  coding, 
and  color-redundant  spatial  coding,  the  assigned  prior¬ 
ities  should  be  as  followsi 

1.  spatial  codes 

2.  color-redundant  spatial  codes 

3«  color  codes. 

Recommendations  for  Further  Study 

Further  study  is  needed  in  the  area  of  display 
coding  which  combines  spatial  and  color  codes.  Two 
studies  are  suggested  here*  the  first  would  include  the 
use  of  sound  as  a  master  caution  indicator;  the  second 
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would  use  flashing  lights  as  detection  devices.  The 
results  of  such  studies  should  prove  applicable  in  the 
design  of  emergency  control  panels.  That  is#  if  the 
panel  is  first  to  serve  the  purpose  of  warning  detec¬ 
tion#  then  the  relative  worth  of  sound  or  flashing 
lights  could  be  determined.  Color  and  spatial  encoding 
would  be  used  as  an  aid  in  the  identification  of  proper 
control  response.  It  is  suggested  that  subjects  be 
provided  with  sufficient  training  prior  to  testing# 
with  particular  emphasis  placed  on  training  under  the 
color  coding  conditions. 

It  is  emphasized  that  the  use  of  auxiliary  tasks  be 
made  in  all  future  studies  of  display  coding.  It  is 
evident  from  the  results  presented  in  this  report  that 
the  findings  of  studies  employing  pure  stimulus-response 
tasks  are  not  necessarily  accurate  predictions  of  human 
performance  in  operational  systems. 


*  * J — 4-  w 
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APPENDIX 

INSTRUCTIONS  TO  SUBJECTS 

The  experiment  in  which  you  are  about  to  partici¬ 
pate  is  one  measuring  human  performance  in  simple  tasks. 
It  is  not  a  measure  of  intelligence,  nor  is  it  to  be 
taken  as  a  reflection  upon  your  personal  ability.  Let 
me  reassure  you  that  the  experiment  is  in  no  way  de¬ 
signed  to  humiliate  you.  The  tasks  are  really  quite 
easy.  You  are  simply  to  count  rows  of  X*s  and  make 
button  pushing  responses  to  light  presentations.  Please 
be  seated- 

(Subject  seated  at  table)  The  large  display  in 
front  of  you  has  six  signal  lights  as  you  can  see 
(point).  The  control  panel  here  on  the  table  (point) 
is  provided  with  six  pushbuttons.  There  is  a  one-to- 
one  correspondence  between  each  light  and  its  respec¬ 
tive  pushbutton.  This  correspondence  is  as  follows* 

Spatial 

As  you  can  see,  the  lights  and  pushbuttons  are 
arranged  in  two  rows  of  three.  There  is  a  spatial 
relationship  between  the  lights  and  pushbuttons.  For 
example,  the  signal  light  in  the  upper  right-hand 
comer  (point)  corresponds  to  the  pushbutton  in  the 
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same  position  on  the  control  panel  (point). 

Linear 

There  are  two  rows  of  three  lights  on  the  large 
display  panel.  The  pushbuttons  here  (point)  on  the 
control  panel  are  arranged  in  a  single  row  of  six. 

The  three  pushbuttons  on  the  left  (point)  correspond 
spatially  to  the  top  row  of  lights.  Those  on  the  right 
correspond  to  the  bottom  row.  Thus  the  light  in  the 
bottom  left-hand  comer  relates  to  the  fourth  push¬ 
button  from  the  left  (point). 

Color 

The  six  lights  on  thr,  large  display  panel  are  each 
of  a  different  color.  The  pushbuttons  here  (point) 
are  each  surrounded  by  a  unique  color  field.  Conse¬ 
quently.  each  pushbutton  corresponds  to  the  light  with 
the  identical  color  as  that  surrounding  the  push¬ 
button.  Thus,  the  white  light  in  the  upper  right-hand 
comer  corresponds  to  the  pushbutton  within  this  white 
field  (point).  You  may  also  consider  the  display 
arrangement  as  three  columns  of  two  lights  each.  These 
columns  are  then  rotated  90°  counter-clockwise  to  form 
the  arrangement  here  on  the  control  panel  (point). 
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Color-Modified  Spatial 

(Same  instructions  as  those  for  Spatial  plus  the 
following*)  The  lights  are  also  colored#  and  each  of 
the  pushbuttons  is  surrounded  by  a  unique  color  field. 
Thus,  the  pushbutton  associated  with  the  white  light 
in  the  upper  right-hand  comer  is  further  identified 
by  this  white  color  field  (point). 

Color-Modified  Linear 

(Same  instructions  as  those  for  Linear  plus  the 
following § )  The  lights  are  also  colored,  and  each  of 
the  pushbuttons  is  surrounded  by  a  unique  color  field. 
Thus,  the  pushbutton  associated  with  this  red  light  in 
the  lower  left-hand  comer  is  further  identified  by 
this  red  color  field  (point). 

The  remaining  lights  and  pushbuttons  correspond  identi¬ 
cally  in  the  manner  outlined.  Are  there  any  questions 
at  this  time? 

There  are  two  tasks  in  this  study.  The  first 
task  relates  to  the  material  on  the  desk.  This  task 
is  one  of  counting  rows  of  X’s  on  these  sheets  of 
paper  (point).  As  you  can  see,  each  sheet  has  three 
columns.  You  are  to  work  down  each  of  these  columns, 
starting  with  the  column  on  the  left.  You  are  to  record 


the  number  of  X*s  in  each  row  on  the  line  to  the  left 
of  each  set  of  X's.  As  the  results  of  this  portion  of 
the  experiment  will  be  graded,  you  should  work  as 
quickly  and  as  accurately  as  possible. 

The  second  task  relates  to  the  large  display  and 
the  pushbutton  control  panel.  At  various  time  inter¬ 
vals  during  the  experiment,  I  will  turn  on  each  signal 
light  in  a  random  order,  I  will  be  situated  there 
(point)  in  the  area  behind  you.  Your  task  is  to  press 
the  correct,  i.e.,  corresponding  pushbutton  as  quickly 
as  possible  each  time  a  light  is  turned  on.  You  are 
to  do  so  with  your  right  hand,  using  your  fingers 
like  so  (demonstrate),  without  dropping  your  pencil. 

You  are  to  regard  both  the  counting  task  and  the 
button-pushing  task  as  having  equal  importance.  During 
the  study  you  will  be  performing  both  tasks  at  the  same 
time.  You  will  start  with  the  pencil  and  paper  task. 
Every  five  to  ten  seconds  you  are  to  scan  the  display 
panel  for  visual  signals.  If  there  is  a  light  on,  or 
should  you  happen  to  see  a  light  come  cn,  stop  the 
counting  task  and  press  the  button  that  corresponds  to 
that  particular  light.  This  will  turn  off  the  light. 
When  the  light  goes  off,  you  are  to  return  to  the  paper 
and  pencil  task.  You  are  to  follow  this  procedure 
throughout  the  study. 
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Now,  there  will  be  a  considerable  amount  of  noise 
while  the  experiment  is  being  conducted  as  far  as  you 
are  concerned.  This  will  consist  of  white  noise,  or 
static,  as  you  can  hear  coming  from  these  earphones 
(present  earphones).  You  will  wear  these  throughout 
the  study  so  that  you  will  not  be  distracted  by  any 
noise  in  the  room  or  outside.  Are  there  any  questions? 

We  will  now  try  a  few  practice  rounds.  Please 
indicate  verbally  when  you  feel  comfortable  with  the 
system  and  are  ready  to  begin  the  actual  experiment. 

Are  there  any  further  questions?  You  may  begin  the 
counting  task.  (Proceed) 

(The  subject  indicates  his  readiness  to  proceed.) 
We  will  start  now  using  a  fresh  sheet  of  paper  (sub¬ 
stitute  new  sheets).  You  may  begin  the  counting  task. 
(Proceed— 18  presentations— 3  per  light) 

Stop.  We  will  now  start  a  second  (third)  trial. 
Continue  where  you  left  off  in  the  counting  task.  You 
may  begin. 
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